Introduction
Can we make the canonical formalism of classical field theory into Lorentz covariant form? If we could do that, we would pass from classical field theory to quantum field theory without spoiling the Lorentz covariance.
Let us take QCD as an example .
How to make it?
The canonical formalism on a space-like hypersurface σ
What is the space-like hypersurface? It is a 3-dimensional surface in Minkowski space. 2. Canonical QCD as a classical field theory on a space-like hypersurface
The total QCD Lagrangian density with ξ ξ ξ ξ=1 gauge 
• Surface integrals
The surface integrals satisfy free field equations
They are equivalent to the asymptotic fields introduced by Yang and Feldman.
Hamilton's equations The Klein-Gordon equation for an invariant delta function
in a Lorentz covariant way
Definition of the four-dimensional Poisson bracket (4D P.B.)
where the functional derivatives on σ δ
Substituting the surface integrals into the 4D P.B., we get
These are invariant under the canonical transformations and Lorentz transformations.
• The bubble differentiation
is the interaction Hamiltonian density of QCD
These equations show that
• The bubble differentiation is a canonical invariant.
• H int [ ′ x ] is the generator of the deformation of σ for surface integrals.
•
The bubble differentiation
• Quantization
When we pass to quantum field theory in the Heisenberg picture,
The quantization rule
Classical Fields

Heisenberg operators
Classical fields
Heisenberg operators
Conversely, by converting 4D commutator to 4D P.B., we can classicize QCD without spoiling the explicit Lorentz covariance.
Canonical equations
The Yang-Feldman equations
• The supplementary condition
If we impose the Lorentz condition
as a boundary condition, we get
Ψ : a state vector in the Heisenberg picture
Classical Fields
